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ECOLOGICAL REGRESSION AND POLITICS
| 239 specific characteristic, for instance, the proportion of white men in each, and then compare the Populist percentage in each group of counties. This technique, however, throws away specific county-level data by placing counties into categories. Within each group, different counties will not have exactly the same proportion of white men or Populists or whatever characteristic determines the category; the analyst overlooks these differences by grouping the counties together into larger areal units.
Some historians have been fortunate enough to discover sub-county election returns. Combining these with knowledge derived from censuses or other records of the socio-economic composition of certain townships, precincts, or beats, one can determine how mine workers or Swedish Protestants, for example, voted in several areas. This method works well enough if all the members of the group lived in segregated enclaves, but it may distort reality if some resided in integrated areas. To generalize confidently from intracounty patterns is to overlook the possibility that Catholics, let us say, may vote differently depending on whether they dwell in predominantly Catholic or predominantly Protestant wards.5
Regression analysis is a more potent device for discovering the relationships between various characteristics of a population. Suppose we know the proportion of Negroes in each county in a state, as well as the proportion of all voters voting Republican and Democratic in a certain election. For the sake of simplicity, let us assume for the moment that every eligible voter casts a ballot for one of the two parties. We can represent each county as a point on a two-dimensional graph on which the dimensions are race and politics (Figs. I and 2).
The careful observer would note that there seems to be a positive relationship between race and Republicanism in Fig. I ; the more Negroes in a county, the more Republicans. But "the more ... the more" does not specify a great deal about the relationship; the really interesting question is "how much more?" Further, how consistent is the relationship? If points "P" and "Q" in Two of the most familiar modern statistical techniques for expressing the relationships between different sets of variables in a common, comparable form are least-squares regression and the correlation coefficient. The least-squares regression line represents a kind of average of all the points on such a graph as Fig. I (see Fig. 4 ). As the mean (average) of a series of numbers is the number which minimizes the difference of the rest of the numbers from itself, the least-squares line is the line which minimizes the sum of the squares of the vertical distances of all the points from itself. The simple regression equation which represents this average has the general form (I) Y=a+bX. In this equation, Y is the "dependent" or predicted variable (conventionally placed on the vertical axis); X, the "independent" or predictor variable; a the point at which the line crosses the Y axis; and b the slope of the line, or "rise" divided by "run" in Fig. 4 . The slope of the leastsquares line measures the form of the relationship between two variables -it answers our "how much"question. If the slope for Fig. I The usefulness of the least-squares line depends on the degree of scatter around it. Just as the mean of the incomes $Io, $Ioo, and $Ioo,ooo a year tells us little about per capita prosperity, a least-squares line for such data as where r, is the correlation between two variables on the individual level (unknown), rw is the correlation within the counties (unknown), rB is the correlation between all the counties (known) and K1 and K2 are constants."I The problem, known as the "ecological fallacy" because the counties are ecological units, is that of treating rB as though it were r--making inferences about individuals when we only have data on aggregations of individuals. As Robinson showed in his I950 I If we knew the cell entries for each county, we could observe the relation between them and the marginals for all counties. If the cell entries varied in a manner directly related to the marginals, e.g., if the cell entries were approximately the same for counties with similar marginals, then rw in equation (2) would be equal to zero, and rB would then equal ri. But we do not know the cell entries, so we do not know what the real value of rw is. For the mathematical derivation of equation (2) But the situation of a scholar who possesses only ecological data is not entirely hopeless. If he can justifiably make certain assumptions about the data, the student can employ ecological regression to skirt some of the statistical traps. Ecological regression also gives more intuitively meaningful statistics than correlation coefficients.I3
Consider Table 2 , which is similar to Table I in some respects. Table 2 , we remember that, Therefore, given the percentages of Republicans, Democrats, Negroes, and whites in each county in a state in one election (i.e., the marginals in Table 2 ), we can estimate the proportion of Negroes who voted Republican for the state as a whole, as well as the other internal cell entries.
Every statistical procedure is based on certain assumptions that limit its usefulness and undermine the faith we have in its results. To use the example of a technique increasingly popular in political science, "causal modeling" is based on the often dubious assumption that all important variables are represented in the particular causal system. Likewise, however sophisticated his techniques, a statistician's results will be invalid if he cannot assume randomness in the inevitable errors which occur in measuring the variables he manipulates.
In the case of simple ecological regression, the assumption most likely to cause difficulties is that the P's are constant across all ecological units-for example, that the proportion of Negroes voting Republican is the same in every county in the state. To put it another way, we To show more specifically how one obtains estimates in a particular case, I will review the steps involved in making the estimates for the first row of Table 3 Regression estimation can easily be generalized from two-by-two tables to tables with larger numbers of cells.19 Up to now, we have excluded nonvoters from our discussion for the sake of simplicity, but including them in the procedure is straightforward. The equations for calculating the P's in Table 5 If we wanted to study the coherence of a faction or the turnover of electors in two separate elections, we could apply the same procedure. To find out whether the Populists supported or opposed disfranchisement in Alabama, for example, one could estimate the internal cell entries for Table 6 . In these actual estimates, I used the following equations:
Y1 = P31 + (Pll -P31)X + (P21 -P3)X2 (21) Y2 =P32 + (P12 -P32)X + (P22 -P32)X 2 Y3 = P33 + (P13 -P33)X1 + (P23 -P33) X2
I8 Stokes, "Cross-Level Inferences," 82-83. The important thing to look for on a scatter-plot is whether the points are randomly distributed about the regression line. If the correlation coefficient is high, they will be, but they may be even if r is low. I9 It must be noted that we must still assume behavioral constancy in every cell in the The ease of extending regression estimation to many-celled tables has substantive as well as statistical importance. Election analysts should always calculate their totals on the basis of all potential voters. Excluding nonvoters draws attention away from those who enter and exit from the electorate, voters who may be particularly significant in "critical elections" and in longer periods of change. Moreover, to present election statistics based solely on the percentage of the two-party or multiparty vote is, in effect, to assert that nonvoters do not matter, and that it is unimportant that the political system either excludes many citizens outright or offers them no incentive to vote. In reality, it may be argued that the low turnout rate in United States elections is one of the most significant aspects of our political system.
As the presence of a negative entry in cell P,, of Table 6 Furthermore, the historian should test the statistical results against contemporary views on the voting behavior of various groups. Since politicians' jobs depend on judgments of voter feelings, they are often excellent psephologists, and always vocal ones. Fortunately, they tend to preserve their impressions in memoirs, congressional debates, newspapers, etc. In addition to these bits of "impressionistic" evidence, researchers will normally have theories they wish to test. If contemporary judgments, theories, and statistical estimates differ very much, the analyst will, naturally, want to reexamine each.
The final and by far the most important test involves graphing the data and looking for patterns.2I If the data appear to be arranged in a simple linear fashion, one may accept the estimates as roughly valid. Moreover, finding deviations from behavioral consistency may lead to better explanations of political activity. In my own work, for example, a typical pattern in Tennessee during the I88os was for the overwhelmingly white counties in East Tennessee and the heavily black areas in West Tennessee to be disproportionately Republican, while the counties between about Io percent and 30 percent Negro were disproportionately Democratic. In such an instance, one might choose to divide the counties into two or three groups and compute different regression estimates within each group. To classify the ecological units on the basis of their political behavior, peculiarities of their histories, or geographical contiguity is a perfectly legitimate procedure. The estimates of voting patterns within each set of counties may be more valid-i.e., come closer to meeting the assumption of behavioral consistency-than the estimates for the state as a whole. On the other hand, having to make section-by-section estimates greatly increases the time and complexity of computation, data presentation, and interpretation of the findings. Consequently, if a group of counties diverged only slightly from the statewide pattern, one might decide to present the estimates for the state as a whole and note the minor deviant trend parenthetically.22
proportion of votes for a particular party and the proportions of relevant groups in the population are both close to the means for those figures computed by adding all the county proportions together and dividing by the number of counties. See Goodman, "Alternatives," 614, for a further explanation and for formulas to compute the variances of the estimates. 21 All these tests were proposed by Goodman (ibid., 612-614). The fact that they may fall outside the zero-to-one logical limit does not necessarily mean one should reject the simple linear regression estimates out of hand. My experience shows that one is likely to obtain such estimates whenever a group overwhelmingly supports or opposes a candidate or referendum proposal. For example, contemporaries believed that the Populists overwhelmingly opposed disfranchisement in Alabama. If impressionistic evidence corroborates the estimates, and if the figures are close to the logical limits (say, within io percent), then the inadmissible estimates may well be the products of random errors in "sampling." If Alabama had been partitioned into counties according to a different scheme, and Alabamians had voted in nearly the same proportions as they did, we would probably not have obtained the illogical estimate.23 Such estimates as the one in Table 6 What is more significant is the fact that there is a whole family of equations similar to the one in Table 7 and that exploring them may well lead to new and more sophisticated explanations of past behavior. If the assumption of constant proportions does not seem valid for a particular case, then the historian can go on to try more complex models. For example, contemporaries might have agreed that although the overwhelming proportion of Negroes voted for the GOP in every county, the number of white Republicans tailed off markedly as one approached the "black belt." Concentrating on the left-hand cells in The point is that each investigator can set up and choose between models which have substantive importance for his data. He may employ regression estimation to test contemporary explanations of behavior; to support or attack previous historians' theories; to ascertain whether religious or social or economic groups divided in a particular election; or to determine the effect of particular events on voting behavior.
To illustrate how one might employ and choose between a few of these models, let us look at some actual data. 84.8 percent of the adult males in North Carolina turned out to vote in the hotly contested I884 gubernatorial race. Since Negroes made up over a third of the adult male population in North Carolina in this period, it is clear that at least half the blacks and a very high proportion of the whites must have turned out. But how did members of each race vote? Were the Democrats, who garnered nearly 54 percent of the votes, simply the "white man's party," or did they also attract a large percentage of black voters through liberal rhetoric, vote-buying, fraud, or intimidation? Did white voters, seething with prejudice and apprehensive of also allows much more sophisticated hypothesis-testing and modelbuilding than the simple correlational methods often used in the profession at the present time. Far from simply mechanical, the procedure gives full range to the historian's creative impulses, while at the same time demanding increased analytical rigor. Like other good statistical methods, regression estimation does not allow the data analyst to rely on the computer to spew out proper interpretations magically. Regression estimation is a way of testing theories put forth by contemporaries and other historians, not a method for manufacturing analyses.
